Safran’s UK operations (across landing systems, nacelles, electrical systems, and supply chain activities) apply a range of advanced modelling and simulation approaches consistent with aerospace “Industry 4.0” practices. These approaches span engineering design, manufacturing systems, logistics, and workforce training.
Below is a structured overview of the key modelling & simulation approaches used in Safran UK, linked to real applications.

🧠 1. Model-Based Systems Engineering (MBSE)
✅ What it is
· Holistic system modelling approach integrating: 
· Mechanical
· Electrical
· Hydraulic subsystems
· Uses system-level models rather than isolated component models
✅ Safran application
· Used extensively in UK landing gear and actuation systems design
· Supported by tools like Simcenter Amesim
✅ Purpose
· Predict full system performance before physical testing
· Run trade-off simulations (e.g. weight vs performance)
📌 Result:
· Earlier validation and reduced certification risk
· Improved integration across aircraft subsystems [resources....iemens.com]
🔧 2. Finite Element Analysis (FEA) & Physics-Based Simulation
✅ What it is
· Numerical simulation of: 
· Structural behaviour
· Thermal performance
· Stress and fatigue
✅ Safran application
· Used in: 
· Landing systems (Gloucester UK site)
· Aircraft engine components
· Tools such as Ansys Mechanical
✅ Purpose
· Validate designs under extreme conditions
· Reduce need for physical prototypes
📌 Outcome:
· Faster development cycles
· Improved safety and reliability [ansys.com]
🏭 3. Digital Twin & Manufacturing System Simulation
✅ What it is
· Virtual replica of: 
· Factory
· Equipment
· Production processes
✅ Safran UK example
· AeroMC project (UK) led by Safran: 
· Development of adaptive scheduling digital twin
· Integrates real-time data from factory systems (ERP, MES)
✅ Capabilities
· Simulate: 
· Production scheduling changes
· Resource allocation
· Supply chain disruptions

✅ Technologies used
· Siemens Tecnomatix Plant Simulation
· Simcenter HEEDS
· Optimisation solvers
📌 Impact:
· Real-time decision-making
· Improved resilience to disruptions (e.g. delays, machine failure) [the-mtc.org]
📦 4. Logistics & Supply Chain Simulation
✅ What it is
· Modelling flows of: 
· Materials
· Inventory
· Components across global sites
✅ Safran UK context
· 14 UK sites integrated into global supply chains
· Activities include: 
· Manufacturing
· Maintenance, repair, overhaul (MRO)
· Distribution
📌 Simulation focuses on:
· Lead times
· Inventory optimisation
· Supplier coordination
📌 Purpose:
· Improve on-time delivery (OTIF)
· Reduce bottlenecks across multi-site operations [safran-group.com]

🤖 5. Digital Twin-Based Training Simulation
✅ What it is
· Realistic simulation environments for training operators
✅ Safran application
· Hexagon digital twin simulator (2024) used by Safran Aircraft Engines: 
· Simulates CNC machining environments
· Replicates real shop-floor conditions
✅ Benefits
· Faster training (up to ~50% reduction in training time)
· Reduced risk of damaging equipment
· Improved workforce capability
📌 Key feature:
· Interactive “real-world scenario” replication [metrology.news], [hexagon.com]
📊 6. Data-Driven Simulation & Analytics
✅ What it is
· Integration of: 
· Real-time operational data
· Analytics
· AI/optimisation
✅ Safran approach
· Part of broader digital transformation strategy
· Combines: 
· Data platforms
· AI
· simulation models
📌 Applications:
· Predictive maintenance
· Supply chain optimisation
· Performance monitoring
📌 Outcome:
· Continuous improvement through feedback loops [safran-group.com]
🧩 7. Discrete Event & Process Simulation (Implied)
✅ Where used
· Manufacturing lines
· Assembly operations
· Logistics processes
✅ Purpose
· Model: 
· Queues
· Resource utilisation
· Throughput
📌 Often embedded inside:
· Digital twin platforms
· Factory simulation tools
🧠 Integrated View (Key Insight)
Safran UK does not rely on a single simulation method
➡ Instead, it uses a layered architecture of modelling approaches:
	Level
	Approach

	Product
	FEA, physics modelling

	System
	MBSE, system simulation

	Factory
	Digital twin, DES

	Supply Chain
	Logistics simulation

	Workforce
	Training simulators

	Enterprise
	Data analytics & AI



🎯 Key Takeaways for Teaching
· Safran UK illustrates a full-stack simulation ecosystem
· Strong link between: 
· Engineering simulation
· Manufacturing simulation
· Logistics optimisation
· Increasing shift toward: 
· Digital twins
· AI-integrated simulation
· Real-time decision systems
